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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows th e word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Application of the Invention] This invention relates to the gas sensor using junction to a metal oxide 

semiconductor and Pd system metal. 

[0002] 

[Description of the Prior Art] The gas sensor using junction with the metal oxide semiconductor and Pd 
of Ti02 grade, Pt, Au(s), or these alloys is proposed, for example, Tomura and others forms electrodes, 
such as Pd, on Ti02 of a single crystal, on the other hand, Ti02 boils him, he forms ohmic electrodes, 
such as an indium, and is examining diode characteristics. The property of Pd-Ti02 diode changed with 
hydrogen and Tomura and others has reported that it can use as a hydrogen sensor. Much same reports 
were made besides what is depended on Tomura and others, for example, Dobos and others has 
proposed the hydrogen sensor using 20Pd/Ta5 interface (Proceedings of International meeting on 
Chemical Sensors, Fukuoka 1983, Kodansha). Although it can use as a diode gas sensor as mentioned 
above, the gas sensor using junction to a metal and a metal oxide semiconductor can be used, even if it 
prepares the metal oxide semiconductor film in the gate of FET at coincidence and covers this with a 
metal. Such a gas sensor is called the FET gas sensor, the FET gas sensor using Pd gate is got to know 
by JP,2848818,B, JP,5-19944,B, etc. - having - the place to current - the main applications are 
detection of hydrogen. 
[0003] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is to raise the 
sensibility of the gas sensor which used junction to a metal oxide semiconductor and Pd system metal. " t 
[0004] 

[Elements of the Invention] In the gas sensor using junction to a metal oxide semiconductor and Pd 
system metal, the gas sensor characterized by constituting said metal oxide semiconductor from a 
metaled oxide film on anode has this invention. Preferably, an oxide film on anode is set to Ti02. 
Moreover, Pd system metal is preferably set to Pd. Moreover, the heater for heating said oxide film on 
anode and Pd system metal is formed preferably. 
[0005] 

[An operation and effectiveness] of invention In the gas sensor using junction to a metal oxide 
semiconductor and Pd system metal, a metaled oxide film on anode constitutes a metal oxide 
semiconductor from this invention. Each metal which there are Ti02, Zr02, Hf02, Nb 205, Ta205, 
Cr203, Mo03, and W03 grade in the oxide used for an oxide film on anode, and is contained in these is 
a metal of many ** which is easy to form a precise oxide film in high-melting. Moreover, there is an 
alloy which uses Pd with hydrogen absorption capacity other than Pd of the single taste, such as Pd-Au 
and Pd-Pt, as a principal component as a Pd system metal. 

[0006] If such a gas sensor is exposed to reducibility gas, such as hydrogen, adsorption oxygen, such as 
a front face of Pd system metal and a front face of an oxide film on anode, is consumed by reducibility 
gas, and the hydrogen in reducibility gas is dissolved and spread in Pd system metal, the potential 
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barriers between Pd system metal and an oxide film on anode will decrease in number, and diode 
characteristics will change with these. And from change of these diode characteristics, reducibility gas, 
such as hydrogen, is detectable. 

[0007] There are few grain boundaries between the crystal grain children of the oxide film on anode at 
the time of a column-like crystal tending to grow in a metaled oxide film on anode, and seeing along the 
direction perpendicular to the plane of composition of Pd system metal and an oxide film on anode of a 
current, i.e., the direction. For this reason, by change of the potential barrier of the interface of Pd 
system metal and an oxide film on anode, the property of a gas sensor changes and gas can be detected 
using this. At a room temperature, since the output current is small, such a gas sensor heats an oxide 
film on anode and Pd system metal at a heater preferably, and increases the output current 
[0008] 

[Example] With reference to drawing 1 - drawing 15 , the gas sensors 2, 4, and 6 of an example are 
explained. Drawing 1 and drawing 2 show the gas sensors (following diode sensor) 2 and 4 of a diode 
mold, 10 is metaled Ti plate, and 12 is anodic oxidation Ti02 film which anodized Metal Ti. The 
thickness of anodic oxidation Ti02 film 12 sets to lOOnm - about 10 micrometers, 14 is Pd thin film 
formed by vacuum deposition, sputtering, etc., 16 is a pad and 18 is a lead. Moreover, 20 is a lead and 
22 is a pad. The ingredient of a pad 16 is arbitrary, for example, can use thick films other than the thick 
film of Pd, such as Au and Pt. Although the ingredient of a pad 22 is arbitrary similarly, the ingredient 
which does not contain Pd, such as Pt, or Rh, Ag, for example is desirable. [ Au, and ] 
[0009] The diode gas sensor 4 of drawing 2 is replaced with the Pd thin film 14, and the Pd thick film 24 
which calcinated Pd paste is used. Since the gas sensor of drawing 2 was the same as the gas sensor of 
drawing 1 R> 1 in respect of others and the same was almost said of the property, below, it explains 
centering on the gas sensor 2 of drawing 1 . 

[0010] Drawing 3 shows the FET gas sensor 6, 30 is a p-type silicon substrate, 32 and 33 are a source 
field and a drain field, and there are the source electrode 34 and a drain electrode 36 in the upper part. In 
the gate field between source-drains, a silicon substrate 30 is covered with anodic oxidation Ti02 film 
12, and the Pd thin film 14 is formed in the upper part. In addition, the structure of the diode gas sensors 
2 and 4 or the FET gas sensor 6 itself is well-known, and new one is replaced with Ti02 film of air 
oxidation, and is a point using the Ti02 film 12 grade of anodic oxidation. 

[001 1] By anodic oxidation Ti02 film 12, to the Ti plate 10 or a silicon substrate 30 (these are named 
generically below and it is called a substrate), the column-like Ti02 crystal has grown to be the 
perpendicular sense, and a nano hole with a diameter of about 50-1 3 Onm exists in it between column- 
like Ti02 crystal, and Ti02 crystal. Since pillar-shaped Ti02 crystal is perpendicularly prolonged from 
7 ^thersubrstrate, the role of the interface of Pd and Ti02 increases in the interface list of asufi^^ 
Ti02. And catalytic activity of Pd is high and occlusion of the hydrogen is carried out. 
[0012] If the example of the drive circuits 40 and 50 is shown in drawing 4 and drawing 5 , in the drive 
circuit 40 of drawing 4 , a power source 42 and an ammeter 44 will be connected to the diode gas sensor 
2, and the current which flows a gas sensor 2 will be measured. Moreover, a gas sensor 2 is held for 
example, in the external heater 46, and it heats in operating temperature of about 100-400 degrees C 
using the heater power source 48. Drawing 4 shows the power source 42 as a source of good 
transformation, because the V-I property was measured, and the source of good transformation does not 
need to be used for it in a practical use circuit. 

[00 1 3] The drive circuit 50 of drawing 5 is a circuit it was made to drive the diode gas sensor 2 like the 
usual metal oxide semiconductor gas sensor, it supplies a circuit electrical potential difference from a 
power source 52, calculates the resistance of the diode gas sensor 2 from the output to the criteria 
resistance 54, and detects gas. In addition, the resistance in this specification is resistance at the time of 
treating as what the not resistance but diode gas sensors 2 and 4 at the time of expressing in an equal 
circuit treat to diode as pure resistance, 

[0014] The model of the diode gas sensors 2 and 4 of operation is shown in drawing 6 . This model was 
proposed by Tomura etc., in Uvac of the upper part of drawing, W and W shows the work function of 
Pd, phiB and phiB' shows the potential barrier between Pd and Ti02 for vacuum level (1980 the 
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Chemical Society of Japan, 1585 (1980)), Ec shows the energy level of the conduction band lower limit 
of Ti02, and Ev shows the energy level of valence-band upper limit. Moreover, EF is Fermi level, (a) of 
drawing 6 shows the model of the potential barrier in the joint of Pd and Ti02 in the inside of air, and 
(b) shows the model of the potential barrier in the inside of hydrogen. If the potential barrier in the 
inside of air is formed with the difference of the work function of Pd and Ti02 and the hydrogen of 
reducibility etc. is introduced here, the oxygen and hydrogen which had been chemisorbed in Pd or 
Ti02 will react, a potential barrier will change, and also when the hydrogen atom dissociated in addition 
to this dissolves into Pd, a potential barrier will change. And if a potential barrier changes, the diode 
characteristics of gas sensors 2 and 4 change, and reducibility gas, such as hydrogen, can be detected 
from increase of forward current, increase of a reverse current, etc. Moreover, in the case of the FET gas 
sensor 6 of drawing 3 , the potential of a gate field changes with reducibility gas, such as hydrogen, and 
an FET current changes with these. 

[0015] Ti02 of anodic oxidation consists of column-like crystals, the direction of crystal growth is 
perpendicular to the Ti plate 10 or p-type silicon substrate 30 grade, and there are few interfaces of Ti02 
and Ti02 in the inside of an oxide film on anode. For this reason, change of the potential barrier of an 
interface with Pd thin film 14 grade c^n be taken out as a big signal. The property in which a column- 
like crystal is obtained by anodic oxidation is common not only to Ti02 but Zr02, Hf02 and Cr 203, 
Ta205, Nb205, Mo03, and W03 grade, and Ti02 film 12 of anodic oxidation may be replaced with the 
oxide film on anode of these metals, and each of these oxide films on anode is semiconductance. The 
role of Pd adsorbs reducibility gas, such as hydrogen, and is carrying out occlusion of the hydrogen to 
oxygen and the catalytic activity made to react, and if this is an alloy which uses not only pure Pd but Pd 
as a principal component, it is a common property. 
[0016] 

[Test Example(s)] It was immersed into the sulfuric-acid water solution of 0.5M (20 degrees C), the one 
half of Ti plate with the thickness of 0.5mm, a die length [ of 1 0mm ], and a width of face of 5mm was 
anodized for 30 minutes by current density 100 mA/cm2, and anodic oxidation Ti02 film 12 was 
formed. The Pd thin film 14 was formed by sputtering on the oxide film on anode 12, leads 18 and 20 
were attached through pads 16 and 22, 600 degrees C was calcinated in air for 1 hour, and it considered 
as the gas sensor 2 of drawing 1 . Between the pillar-shaped and pillar-shaped crystals with which the 
anodized film 12 was intermingled and the rutile phase and the ANATASU phase carried out orientation 
at right angles to Ti plate as for the crystal, the nano hole with a diameter of about 50-1 3 Onm was 
observed. Instead of forming the Pd thin film 14 by sputtering, used Pd paste, and the Pd film 24 was 
formed, and also the gas sensor 4 of drawing 2 was obtained similarly. Since the gas sensor 2 of drawing 
%atiE^tegas sensor 4 of drawing 2 had the almost the same property, belowf a result is &plaindd ; about 
the gas sensor 2 of drawing 1 . 

[0017] As an example of a comparison, the gas sensor using the air-oxidation film which heated and 
smothered the Ti plate 10 at 600 degrees C in air was obtained instead of using an oxide film on anode 
12. Also with this gas sensor, the Pd thin film 14 was similarly formed by sputtering, leads 18 and 22 
were attached through pads 16 and 22, and it calcinated in 1-hour air at 600 degrees C. The gas sensor of 
A-Ti02, a call, and the example of a comparison is called R-Ti02 for the gas sensor using anodic 
oxidation Ti02 film 12. The Pd thin film 14 was replaced with Au thin film or Pt thin film in addition to 
this, and also the same gas sensor was prepared as an example of a comparison. 
[0018] The response waveform of a gas sensor to 1% of 250-degree C hydrogen is shown in drawing 7 
among air. The structure of a sensor is the thing of drawing 1 , is replaced with the Pd thin film 14, and 
makes the thing using Au thin film or Pt thin film the example of a comparison. Moreover, a sensor 
property is measured in the circuit of drawing 5 , and it is IV, and the circuit electrical potential 
difference is also the same as when sensor resistance expresses the property below. The rate of change 
of the resistance to 1% of hydrogen is shown, the very big sensibility in Pd is obtained, and moreover, K 
in drawing has slow application, although there is almost no sensibility to a thing also with a quick 
response at Pt and the big sensibility in Au is obtained. In addition, the Ti plate 10 is (+), the Pd thin 
film 14 is (-) and how to apply an electrical potential difference calls the property in this connection a 
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reverse characteristic below. 

[0019] The electrical potential difference which showed the response waveform to 1% of hydrogen (250 
degrees C and 300 degrees C) to drawing 8 , connected to measurement so that a gas sensor 2 might 
measure a reverse characteristic using the circuit of drawing 4 , and was applied to the sensor is IV. A 
reverse current increases remarkably by impregnation of hydrogen, and, moreover, a response is quick. 
Drawing 9 is the same conditions, a current value increases remarkably by 1% of hydrogen also in this 
case by the result at the time of measuring the forward characteristic which makes Pd thin film side (+), 
and, moreover, a response is quick. Drawing 10 expands and shows the response waveform of drawing 
8 , and drawing 1 1 expands and shows the response waveform of drawing 9 . 

[0020] Drawing 12 shows the resistance value change and sensibility to 1% of hydrogen in the inside of 
air about the gas sensor (A-Ti02) of anodic oxidation, and the gas sensor (R-Ti02) of air oxidation. In 
anodic oxidation, sensibility is remarkably high to air oxidation, and according to air oxidation, many 
interfaces of Ti02 particle and Ti02 particle are in Ti02 film, and since this is this interface, it can be 
considered to be because for the effectiveness between Pd and Ti02 interface to be able to weaken. It is 
thought that the upper limit from which high sensibility is obtained to hydrogen is for burning before 
hydrogen sticks to Pd or Ti02 or dissolves into Pd at the temperature beyond this by about 400 degrees 
C at drawing 12 . Although drawing 12 showed the property with a temperature of 250 degrees C or 
more, as shown in drawing 8 - drawing 1 1 , at least 250 degrees C of very big sensibility are obtained, 
and since the response is prompt, moreover, at least 250 degrees C or less of gas sensors of an example 
can be used. The temperature considered to be a use minimum is about 100 degrees C. 
[0021] If the current value which flows a gas sensor 2 is supervised as shown in drawing 9 and drawing 
11 , big hydrogen sensibility is obtained also by the forward characteristic. On the other hand, when the 
current which flows to criteria resistance was supervised using the circuit of drawing 5 , in a forward 
characteristic, hydrogen sensibility might not be obtained seemingly, However, this is considered to be a 
problem by the measuring method. 

[0022] Relation with a sensibility [ in a reverse characteristic / the hydrogen concentration and 
sensibility ] of 250 degrees C is shown in drawing 13 in air. This sensibility is measured using the 
circuit of drawing 5 . hydrogen concentration and sensibility - both ~ a logarithm - there is linearity as 
which a plot is sufficient and it is thought that it is detectable to the hydrogen which is about 10 ppm. 
The resistance at the time of adding 1% of hydrogen to drawing 14 into the resistance in the inside of 
nitrogen and nitrogen is shown. Measurement is performed by measuring a reverse characteristic using 
the circuit of drawing 5 , and at least 500 degrees C of hydrogen sensibility remain. 
[0023] The voltage-current property at the time of adding 1% of hydrogen is shown in drawing 1 5 
^ -among air at the voltage-current property in 250 degrees C, and this. The case where an elecfeeaL 
potential difference is forward shows a forward characteristic, and the negative case shows the reverse 
characteristic. Less than [ 0.7V ], the electrical potential difference of most current values is 0 in air, and 
forward current comes to flow slightly more than 0.7V. On the other hand, in hydrogen, a current also 
with negative [ big ] is acquired for an electrical potential difference also by forward, and a difference in 
the meantime is equivalent to sensibility. 

[0024] Although the example showed the property of 250 degrees C - 500 degrees C about the 
combination of Ti02 film of anodic oxidation, and pure Pd, it is clear from the property of drawing 8 - 
drawing 1 1 R> 1 that at least 250 degrees C or less can be used. Although Ti02 was shown as an oxide 
film on anode, the oxide film on anode with which it replaces with this and Zr02, Hf02 and Nb 205, 
Ta205, Cr203, Mo03, and W03 grade also consist of a column-like crystal is obtained, and hydrogen 
can be detected similarly. Moreover, catalytic activity of Pd is high and it is clear that its the description 
is in the point which can carry out occlusion of the hydrogen, and little Au, little Pt, etc. may be added to 
Pd. Although detection of hydrogen was furthermore illustrated, this invention is applicable to detection 
of the gas which NH3 grade decomposes and generates hydrogen similarly. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gas sensor characterized by constituting said metal oxide semiconductor from a metaled 
oxide film on anode in the gas sensor using junction to a metal oxide semiconductor and Pd system 
metal. 

[Claim 2] The gas sensor of claim 1 characterized by said oxide film on anode being Ti02. 
[Claim 3] The gas sensor of claim 2 characterized by said Pd system metal being Pd. 
[Claim 4] The gas sensor of claim 1 characterized by forming the heater for heating said oxide film on 
anode and Pd system metal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section sectional view of the diode gas sensor using a thin film Pd electrode 
[Drawing 2] The important section sectional view showing the diode gas sensor using Pd electrode 
which calcinated the paste 

[Drawing 3] The important section sectional view of an FET gas sensor 
[Drawing 4] The circuit diagram showing the drive circuit of the gas sensor using an ammeter 
[Drawing 5] The circuit diagram showing the drive circuit of the gas sensor using criteria resistance 
[Drawing 6] In drawing showing the model of a diode gas sensor of operation, this model is proposed by 
Tomura and others, (a) shows the interface potential in the inside of air, and (b) shows the interface 
potential in the inside of hydrogen. 

[Drawing 7] In (a), (c) shows the wave at the time of (b) returning the wave at the time of hydrogen 

impregnation for the whole wave into air in the property Fig. showing a 1% [ of hydrogen at the time of 

setting an electrode material to Au (example of a comparison), Pt (example of a comparison), and Pd 

(example) ] (air balance) response waveform using anodic oxidation Ti02 film. 

[Drawing 8] The property Fig. showing a 1% [ of hydrogen at the time of using a reverse characteristic 

(250 degrees C and 300 degrees C) ] (air balance) response waveform using the gas sensor of an 

example 

[Drawing 9] The property Fig. showing a 1% [ of hydrogen at the time of using a forward characteristic 
(250 degrees C and 300 degrees C) ] (air balance) response waveform using the gas sensor of an 
example 

[Drawing 10] The property Fig. expanding and showing a 1% [ of hydrogen aUhe^ffle g£ using a 
reverse characteristic (250 degrees C and 300 degrees C) ] (air balance) response waveform using the 
gas sensor of an example 

[Drawing 11] The property Fig. expanding and showing a 1% [ of hydrogen at the time of using a 
forward characteristic (250 degrees C and 300 degrees C) ] (air balance) response waveform using the 
gas sensor of an example 

[Drawing 12] The reverse characteristic of the gas sensor in the inside of air is shown, (a) shows sensor 
resistance in air and 1% of ****, (b) shows the sensibility to the hydrogen of concentration 1%, and A- 
Ti02 shows the conventional example for which R-Ti02 used air oxidation of titanium for the example 
which used anodization. 

[Drawing 13] The reverse characteristic of the gas sensor of an example is shown, the relation between 
the hydrogen concentration in the inside of air and hydrogen sensibility is shown, and sensor 
temperature is 250 degrees C. 

[Drawing 14] The reverse characteristic in the gas sensor of an example is shown, and the resistance and 
1% of hydrogen in the inside of nitrogen show the ratio (hydrogen sensibility) of the resistance in the 
ambient atmosphere of nitrogen balance, and the above-mentioned resistance. 
[Drawing 15] It is drawing showing the V-I property in the gas sensor of an example, and sensor 
temperature is 250 degrees C and hydrogen concentration is 1%. 
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[Description of Notations] 
2 Four Diode gas sensor 
6FET Gas Sensor 
lOTi Plate 

12 Anodic Oxidation Ti02 Film 

14 Pd Thin Film 

16 22 Pad 

18 20 Lead 

24 Pd Thick Film 

30 P-type Silicon Substrate 

32 Source Field 

33 Drain Field 

34 Source Electrode 
36 Drain Electrode 
40 50 Drive circuit 
42 52 Power source 
44 Ammeter 

46 External Heater 

48 Heater Power Source 

54 Criteria Resistance 
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